We present infrared photometry obtained with the IRAC camera on the Spitzer Space Telescope of a sample of 82 pre-main sequence stars and brown dwarfs in the Taurus star-forming region. We find a clear separation in some IRAC color-color diagrams between objects with and without disks. A few "transition" objects are noted, which correspond to systems in which the inner disk has been evacuated of small dust. Separating pure disk systems from objects with remnant protostellar envelopes is more difficult at IRAC wavelengths, especially for objects with infall at low rates and large angular momenta. Our results generally confirm the IRAC color classification scheme used in previous papers by Allen et al. and Megeath et al. to distinguish between protostars, T Tauri stars with disks, and young stars without (inner) disks. The observed IRAC colors are in good agreement with recent improved disk models, and in general accord with models for protostellar envelopes derived from analyzing a larger wavelength region. We also comment on a few Taurus objects of special interest. Our results should be useful for interpreting IRAC results in other, less well-studied star-forming regions.
Introduction
The Taurus-Auriga molecular cloud has long served as a touchstone for understanding pre-main sequence evolution. The proximity of Taurus, plus the relatively low extinction in the area, has enabled researchers to develop a reasonably complete census of the pre-main sequence population. These properties also mean that the characterization of protostellar envelopes and circumstellar disks is more extensive and detailed for Taurus objects than for any other star-forming region (see, e.g., Kenyon & Hartmann 1995 = KH95) .
We are conducting a survey of known Taurus pre-main sequence stars using the IRAC camera on board the Spitzer Space Telescope. Although a great deal is already known about the infrared spectral energy distributions (SEDs) of Taurus members, the unprecedented photometric sensitivity of IRAC in the mid-infrared permits the study of many more objects in the ∼ 3 − 9µm wavelength range than previously possible from ground-based studies. The IRAC data also provide an important link between measurements of stellar photospheric emission (which generally peaks at around 1µm) and forthcoming detailed spectra of Taurus members obtained with the IRS spectrograph on Spitzer (which covers the ∼ 5 − 35µm range). More broadly, our IRAC observations of previously well-characterized systems in Taurus can serve as a guide to the interpretation of IRAC data of other, much more distant regions which can now be studied with the unparalleled sensitivity of Spitzer.
In this paper we report preliminary results from our IRAC survey, with results for 82 Taurus systems. A fuller accounting of the ∼ 200 pre-main sequence Taurus systems in the IRAC Guaranteed Time program will be published later, as data become available.
Observations
The observations reported here were obtained with the IRAC instrument on board the Spitzer Space Telescope (Fazio et al. 2004) . IRAC observations are made with four filters; here we refer to them by their approximate wavelength centers of 3.6, 4.5, 5.8, and 8µm. A sequence of observations in all four filter bands requires a minimum of two pointings for a given target, since each of the two IRAC fields of view serves serves two imaging channels. For all of the observations reported here, we made three spatial dithers in each band to improve signal-to-noise and cosmic ray rejection. We used the "High Dynamic Range" (HDR) 12 second integration mode, which involves taking two frames with effective exposure times of 10.4 and 0.4 seconds.
The pre-main sequence stars in Taurus are widely dispersed on the sky. This means that mapping methods are inefficient except in some regions such as L1551 and L1495 (which will be reported separately). The observations reported here were mostly taken in "cluster mode", which involves identifying individual targets clustered within a one degree radius of a common center. In all but a few cases, only one Taurus member (system) was observed in a single IRAC field.
The Taurus data were taken during two IRAC "campaigns" on February 9-14, 2004, and March 6-9, 2004 . For comparison we include IRAC data for the interesting 10 Myr-old star TW Hya, taken on Dec. 20, 2003. The data frames were processed by the pipeline version S9.5 at the Spitzer Science Center. Photometry was extracted from the basic calibrated data frames using the aperture photometry routine aper.pro in the IDLPHOT package (Landsman 1993) . The IDLPHOT routines were integrated into a custom IDL program which use the WCS information in the image headers to identify the images containing a given star and find the star within the images. The program then obtains the centroid of the star and extracts the photometry. A 5 pixel aperture was used for each star, with a sky annulus extending from 5 pixels to 10 pixels. Since the zero points are referenced to a star measured with a 10 pixel aperture and a sky annulus spanning radii from 10 to 20 pixels, we scaled the photometry with an aperture correction derived from calibration star data. The corrections used were 1.061, 1.064, 1.067, and 1.089 in the [3.6], [4.5], [5.8], and [8] bands, respectively. Instrumental magnitudes were measured from each of the three dithered images independently. The quoted values are the mean of the three magnitudes, and the quoted standard deviations are the observed standard deviation in the three frames.
For binaries with separations on the order of 2−12", photometry was performed by fitting point spread functions to the two objects simultaneously using a custom IDL program. The point spread function (PSF) used were those derived from the Campaign Q data, given at the Spitzer Science Center website (http://ssc.spitzer.caltech.edu/irac/psf.html). For each binary system, PSF fitting was performed individually on all three dithered images taken. PSF fitting photometry was also obtained for a sample of ten, isolated stars, and the mean offset between the magnitudes returned by the PSF fitting and the aperture photometry routines was measured. The PSF fitting magnitudes were corrected by this offset to ensure consistency with the aperture photometry reported for all the isolated stars. The reported uncertainty of the PSF fitting photometry is the standard deviation of the magnitudes determined for each of the three dithers added in quadrature with the uncertainty in the offset between the aperture and PSF fitting photometry. We adopted zero point magnitudes (ZP ) of 19.660, 18.944, 16.880, 17.394 m] = −2.5 log(DN/sec)+ ZP . These were derived from the average calibration of four AV star primary standards, HD165459, NPM1p64.0581, 2MASS1812095, and NPM1p60.0581, which are observed during every IRAC campaign. By adopting these zero points, the resulting IRAC colors of the A dwarfs were equal to 0, as expected in the Vega-based IRAC magnitude system. We estimate uncertainties in the zero point magnitudes of approximately 0.05 mag; repeatability appears to be at the level of 0.02 mag.
The IRAC data for the nearby T Tauri star TW Hya, a result of an earlier data release, were reduced separately using a different procedure. Fluxes were measured in a 10 pixel radius, with an outer radius of 20 pixels for sky subtraction (not important for this bright object). Table 1 lists the photometric results from IRAC, along with the dates of observation, positions measured from the IRAC images, and 2MASS magnitudes (Cutri et al. 2003) when available. Typical random errors in the photometry appear to be of order 0.02 -0.03 mag, except for the faintest sources. As mentioned in the previous section, there may be systematic errors in the photometric zero points of ∼ 0.05 mag, but because these data were obtained during two campaigns, such systematic differences should apply relatively equally to all objects, and thus differential magnitudes and colors among the Taurus stars should be slightly more reliable than absolute magnitudes. [8] diagram is related to the presence of circumstellar dust. The principal classification scheme for pre-main sequence stars is the Class 0-I-II-III system, which characterizes objects in terms of their infrared excesses or spectral energy distributions (SEDs) (e.g., Lada & Wilking 1984; Adams, Lada, & Shu 1987; Andre, WardThompson, & Barsony 1993 . Class 0 and I objects are thought to be protostars surrounded by dusty infalling envelopes, and thus exhibit both relatively strong far-infrared emission and significant near-infrared extinction from their envelopes; Class II systems are stars with disks, and thus exhibit less infrared excess and near-infrared extinction (unless observed edge-on); and Class III objects are essentially stars without significant amounts of circumstellar dust (see §6 for further discussion). Based on this scheme, the open circles near the origin, having basically photospheric colors, should be Class III systems; the main body of stars with significant infrared excesses should be Class II (disk) systems; and the reddest objects in both colors should be Class 0-I systems.
Results
We started our analysis by adopting the SED classifications given by KH95, which were based on combining ground-based photometry with IRAS fluxes. We revised the KH95 classifications in a few cases, for reasons described below. In addition, for some objects we made new classifications based on IRAC colors, to be consistent with the overall groupings which emerged from the original KH95 classifications.
We find that the 0-I-II-III SED classes generally account for the groupings seen in Figure 1 , with a few discrepancies. The Class III sources (open circles) lie near the origin, with nearly zero colors, as expected; the Class II sources (filled circles) exhibit red colors consistent with excess (dust) emission; and the reddest systems are generally Class 0-I sources (open squares and triangles). The principal ambiguity occurs for Class I systems; three out of seven such systems shown in Figure 1 lie near the red end of the distribution of Class II systems, a result whose implications are discussed more fully in §6.
In a few cases the identification of a system as Class II or Class III is also ambiguous. Some T Tauri stars have holes in their inner disks; given the absence of disk dust close to the central star, such objects may have disks emitting at far-infrared etc. wavelengths, while exhibiting little or no near-to mid-infrared excess emission. Thus the distinction between "Class II" and "Class III" may depend upon the wavelength of observation. Figure 1 represents the star CoKu Tau 4. Recent IRS spectra from Spitzer show that this object has essentially no infrared excess from ∼ 5 − 8µm, while exhibiting extremely large excess emission at wavelengths longward of 20µm. This spectral energy distribution (SED) is most simply interpreted as that of a disk with a very optically thin or evacuated inner hole, and an effective disk edge (an optically-thick disk "wall") at a radius ∼ 10 AU (Forrest et al. 2004; D'Alessio et al. 2005a ).
The second illustrative object is TW Hya, whose position in the [3.6] -[4.5] vs. [5.8] - [8] diagram is denoted by a solid triangle. TW Hya has a SED that is fairly similar to that of CoKu Tau 4, and which has been interpreted in a similar manner as a disk system with an inner hole. The inner radius of the optically-thick disk wall is smaller in TW Hya than in CoKu Tau 4 (∼ 4 AU), and there evidence for a small amount of dust inside the hole (Calvet et al. 2002) . GM Aur also exhibits similar behavior (Rice et al. 2003; §5) .
For these reasons, we have therefore identified systems as IRAC Class II or III (Table 1) , based on the presence of significant excesses over photospheric levels in the IRAC bands. This means that the SED classifications differ in a few cases from those adopted by KH95. Specifically, unless there is a significant disk excess at 8 µm, we assign the object to IRAC Class III. In the case of CoKu Tau 4, even though it was assigned Class II by KH95, and has a small excess in the [8] band, we assign it to IRAC Class III as well, because it is much closer in its colors to the other Class III systems.
We find that the break in the distribution of colors at around [5.8] -[8] ∼ 0.3 − 0.4 corresponds accurately to the distinction between Classical T Tauri Stars (CTTS) and Weak Emission T Tauri Stars (WTTS) (Herbig & Bell 1988; White & Basri 2003) . As discussed in more detail in §6, the CTTS exhibit disk accretion onto the central star, while the WTTS do not, and detectable accretion is generally accompanied by warm dust emission from the inner disk. This distinction is clear in our IRAC data. All of the CTTS (solid circles) are Class II, but not all of the WTTS (open circles) have previously been identified as Class III, i.e. some WTTS have outer disks and longer-wavelength excess dust emission. The prime example of this is CoKu Tau 4, which is a WTTS with a small Hα equivalent width of around 2Å (Cohen & Kuhi 1979) , indicating that there is very little if any accretion onto the central star. In this case, the emission class is more consistent with the assignment of IRAC SED Class (III) than with the previous Class II assignment by KH95. In contrast, TW Hya is a CTTS, accreting from its disk, with strong Hα emission and significant ultraviolet continuum excess radiation (Calvet et al. 2002; , and exhibits an extended bipolar nebulosity with a dark lane running across the middle seen at optical and near-infrared wavelengths similar to that observed for other Class I systems (e.g., Stapelfeldt et al. 1997; Padgett et al. 1999 ). Because at least some Class 0/I objects show extended nebulosities, we show photometry for Class I objects for both the standard aperture radius of 5 pixels (6 arcsec, corresponding to 840 AU at the 140 pc distance of Taurus), plus the standard aperture corrections noted above for a point source, as well as a "large aperture" measurement with an aperture of 10 pixels (12 arcsec, 1680 AU). The results for the differing apertures are almost identical except for IRAS 04368+2557, which is the driving source for the molecular outflow in L1527. This system is classified by André et al. (2000) as a borderline Class 0/I system, whereas Chen et al. (1995) identify it as a Class 0 system. The relatively blue color in [5.8] -[8] for this object is likely due to the wings of the 10µm silicate feature affecting the flux in the [8] band, with a long-wavelength cutoff of about 9.3µm. IRAS 04368+2557 appears as a very large, extended nebulosity without a central point source in all the IRAC bands. These images will be discussed in a forthcoming publication (Allen et al. 2005) .
One object, HV Tau C, has colors almost equal to those of the Class I source 04260 + 2642, while exhibiting a large Hα equivalent width consistent with it being a CTTS (White & Ghez 2001) . (HV Tau AB itself is a WTTS/Class III close binary.) Optical and near-infrared imaging of HV Tau C shows a dark lane consistent with absorption in a flattened circumstellar disk seen nearly edge-on (Monin & Bouvier 2000; Stapelfeldt et al. 2003) . However, Stapelfeldt et al. (2003) concluded that a dusty envelope appears to be required in addition to a disk in order to explain the observations. This suggests that HV Tau C might actually be a Class I source, with a relatively tenuous infalling envelope in addition to a circumstellar disk (see §6).
The crosses in Figure 1 denote systems with spectral types later than M6, and are thus identified as probable brown dwarfs (Luhman 1999) . Specifically, these objects are GM Tau (M6.5, White & Basri 2003) ; KPNO 4, 5, 6, 7 (M9.5,M7.5,M8.5,M8.25, respectively, Briceño et al. 2002); and IRAS 04414+2506 (M7.25, Luhman 2004) . Of the six such objects observed so far, four have clear IRAC excesses indicating the presence of disks -and consistent with the colors of disks of higher-mass T Tauri stars -while one (KPNO 5) clearly exhibits photospheric colors. The small [5.8] -[8] excess exhibited by the M9.5 star KPNO4 should be discounted because of large photometric errors for this faint object (Table 1) . Although Briceño et al. (2002) estimated a large Hα equivalent width suggestive of disk accretion in KPNO4, a more recent high-resolution study (Muzerolle et al. 2003) indicates a much lower equivalent width, with marginal evidence of accretion from the Hα profile. This system probably is not accreting from a circumstellar disk.
In Figure 1 we also show the reddening vectors for a Vega-like spectrum and A V = 30, estimated from interpolating the Mathis (1990) extinction law, applying this law to a model of the photospheric emission of Vega, and integrating the resultant spectrum over the IRAC bandpasses. The effect of circumstellar disk emission is to distribute the sources redward in both colors; in contrast, circumstellar extinction is predicted to move sources much more vertically, or even slightly blueward in the D 'Alessio et al. (1999) used the ground-based and IRAS data listed in KH95 to construct a "median" spectral energy distribution or SED for Taurus Class II stars of spectral type K5-M2. Because many Taurus stars in this spectral type range are yet to be observed with IRAC, we defer the construction of a similar median SED to a later paper. Here we make a preliminary estimate of the consistency of the median SED with the observed colors of the sample so far. We do this by taking the fluxes of the median SED from D' Alessio et al. (1999) and interpolating linearly in log flux vs. log wavelength, and then convolving the resulting spectrum with the predicted transmissions of the IRAC bands (Fazio et al. 2004 ) Because the ground-based data are sparsely sampled in the IRAC range (most objects have only K,L, and N magnitudes, with few M magnitudes), this procedure is relatively crude, but serves as an initial consistency check. We thus estimate the following IRAC colors for the median SED; The disk models reproduce the range of observed IRAC colors very well at accretion rates spanning the expected values for Taurus systems (e.g., Gullbring et al. 1998 . The current IRAC sample has only a modest number of objects in common with the Gullbring et al. and Hartmann et al. accretion rate measurements; therefore, we cannot say with confidence whether the detailed colors of individual objects are consistent with model predictions given their measured mass accretion rates. We will make a more detailed test of the model predictions when the Taurus survey data are complete.
Other color-color diagrams
The Class I models are taken from Allen et al. (2004) for two luminosities, 1 L ⊙ (magenta lines) and 0.1 L ⊙ (red lines), and two values of the centrifugal radius R c of 50 AU (solid line) and 300 AU (dashed line); Values for the density scaling parameter ρ 1 increase from bottom to top along a given line, with markers (solid squares) at values of log ρ 1 = -14, -13.5, and -13. 2 These parameters have been found to span the characteristic range needed to explain Taurus Class I SEDs including IRAS fluxes (Kenyon, Calvet, & Hartmann 1993 = KCH93) .
The models predict that objects with low mass infall rates and/or large centrifugal radii will have colors similar to that of "pure disk" systems. While the protostellar envelope models generally span the range of observed colors for reasonable parameters, it is difficult to match the detailed parameters estimated by KCH93 for individual objects with these models. The reason is that inferred parameters are very sensitive to the assumed geometry, as discussed further in §6.
1 The parameter ǫ denotes the factor by which the dust in upper layers of the disk is depleted from the standard value.
2 Rc is the outer radius at which envelope material falls onto the disk due to the angular momentum barrier; ρ1 is the density the infalling envelope would have at 1 AU if Rc → 0 (see for further discussion). For a mass infall rate of 10 −5 M⊙ yr −1 to a 1M⊙ protostar, ρ1 ∼ 5 × 10 −14 g cm −3 ; ρ1 ∝ṀM −1/2 * .
Spectral Energy Distributions
Figures 5 et seq. display SEDs for our program sample. The SEDS are constructed from the IRAC data, 2MASS JHK photometry, and when available, other photometry listed in KH95. In many panels we show the median CTTS SED of D' Alessio et al. (1999) , approximately scaled by eye to the observed infrared fluxes, along with the long-wavelength colors of the K7 WTTS/ Class III star V819 Tau. Our purpose in including these comparison SEDs is merely to provide a standard reference in most panels for making rough intercomparisons between systems, without making extinction corrections. There has been no attempt to make detailed fits, which would require careful analysis of spectral types and optical colors to make the necessary reddening corrections.
In general, there is good agreement with ground-based data. The Class I systems show a variety of behavior. The most heavily-reddened systems show evidence of silicate absorption, as expected. Among the Class II systems, many exhibit disk SEDs comparable to that of the median SED, such as CX Tau, FV Tau/c, DF Tau, IQ Tau, DS Tau, etc. A few objects exhibit disk emission that falls off faster to longer wavelengths than the median SED (e.g., CIDA 8, 11, 12, 14, DK Tau 1, and possibly JH 223). DR Tau shows a very large excess consistent with strong accretion heating (e.g., Bertout, Basri, & Bouvier 1988) . One peculiar result is that the apparent 2MASS magnitudes for CIDA 9 are extremely inconsistent with the JHK magnitudes from KH95; the latter are much more consistent with the IRAC colors. UZ Tau W (UZ Tau Ba + Bb; White & Ghez 2001) also poses a problem for analysis, because the 2MASS H and K s magnitudes are about 0.7 and 0.8 mag brighter, respectively, than those listed by KH95 (see Figure 6 ), which produces a very large uncertainty in assessing the level of infrared excess. The KH95 magnitudes are more consistent with the White & Ghez (2001) K magnitude for UZ Tau W as well as with the IRAC results. UZ Tau EW, with a separation of 3.5 arcsec, is poorly resolved by 2MASS, which may be the source of the discrepancy.
GM Aur is a CTTS with a small IRAC excess but much larger excesses at λ ≥ 10µm (Rice et al. 2003) , similar in many respects to the CTTS TW Hya and the WTTS CoKu Tau 4, as discussed above. KH95 identified DI Tau as a Class II object, citing a 10µm excess with a very large error, whereas we find no evidence for excesses out to band [8] , and thus identify it as Class III. Meyer et al. (1997) detected no 10µm excess based on detailed ground-based data; IRAS emission in the region of this source is dominated by the nearby CTTS DH Tau, and thus whether any excess is present at long wavelengths is currently uncertain.
The WTTS systems LkHa332 G1 and G2 have no IRAC excesses; thus we identify both as Class III systems, in contrast to the Class II given by KH95 for G1. The IRAS fluxes in the region are consistent with arising entirely from LkHa 332 = V955 Tau. We find excess emission from UZ Tau w, in contrast to the Class III identification in KH95, but consistent with the large Hα equivalent widths of this close binary system found by Hartigan & Kenyon (2003) .
Our small sample of brown dwarfs with disks have colors similar to those of higher-mass CTTS. This is undoubtedly because the disk emission is optically thick, and geometrical properties of the disks are relatively unimportant in the IRAC range, i.e. the disks are thought to be geometrically flat except possibly at the inner edge of the dust disk (see, e.g. Dullemond Dominik & Natta 2001; Luhman et al. 2005) .
Discussion
One of the purposes of conducting this survey of Taurus is to investigate how reliably objects can be classified using IRAC colors by reporting results for well-known, independently-classified systems. As mentioned in §3.1, the major system of infrared classification depends upon an infrared spectral index, typically measured from about 1 − 2µm to about 10 − 20µm (Lada & Wilking 1984; Adams et al. 1987) . Plotted as log λF λ vs. log λ, Class 0/I systems have positive spectral indices, indicating substantial circumstellar envelopes and are usually thought to be protostars (Adams et al. 1987 , André, Ward-Thompson, & Barsony 1993 . Class II sources have negative slopes, but far less steep than that of a Rayleigh-Jeans spectrum, and are identified as systems with dusty circumstellar disks (Lynden-Bell & Pringle 1974; Adams et al. 1987; Kenyon & Hartmann 1987) ; and Class III systems have steep negative slopes consistent with those expected for a (reddened) stellar photosphere, essentially a Rayleigh-Jeans slope (Lada & Wilking 1984; Adams et al. 1987 ).
The other system for classifying low-mass pre-main sequence stars, as previously mentioned in §3.1, depends upon spectroscopic criteria, introduced by Herbig & Bell (1988) and refined by White & Basri (2003) . Using criteria based on Hα emission -usually a spectral-type-dependence of equivalent width, correlated in some cases by velocity width -one may divide systems into "Classical" T Tauri stars or CTTS vs. "Weak" T Tauri stars or WTTS. The WTTS have relatively weak Hα equivalent widths, and narrow Hα line profiles produced by chromospheric activity; the CTTS have larger Hα emission and broader profiles thought to be produced by disk accretion (see discussion in Hartmann 1998).
We have shown that IRAC colors can be used to classify systems accurately between CTTS and WTTS. This is not surprising, given that accretion onto the central star has been known to correlate with infrared excess emission in the L photometric band (Hartigan et al. 1990 ). Basically, it appears that all systems with detectable gaseous accretion onto the central star (through either ultraviolet continuum excesses or broad Hα profiles) have enough small dust particles carried along with the accreting gas to provide significant near-infrared excess emission. Whether a system should be identified as Class II or Class III is more complicated, depending upon whether the disk has an inner hole. We have skirted this issue of nomenclature in this paper by defining systems based on the presence or absence of excesses in the IRAC bands.
The agreement between the observed Taurus colors and the current disk models is encouraging. These model predictions are very similar to those presented in Allen et al. (2004) and Megeath et al. (2004) . The Taurus results suggest that the methods used in the above papers are adequate for identifying Class II/CTTS in star-forming regions, with appropriate allowances for extinction.
The disk models predict that the IRAC colors get redder as the mass accretion rate increases, although inclination and dust properties also contribute in a complicated manner. A preliminary investigation of [3.6] -[4.5] vs. mass accretion rates from the literature is not conclusive, given the small number of systems with accretion rates in our current sample; we will revisit this question when the Taurus survey is complete.
The disk models of Whitney et al. (2004) do not strongly populate the region of CTTS/Class II sources found observationally here. As Whitney et al. note, this is likely because they have few models appropriate for low-mass stars. The protostellar envelope models of Whitney et al. similarly do not show colors corresponding to L1527, but this may be due to the relatively small aperture we used for the photometry of this object considering the spatial extension of its emission (Allen et al. 2005 ).
We also find that our small sample of Taurus Class I systems tend to divide into two comparablysized groups; one that is very much redder than Class II systems, and another that exhibits IRAC colors which are similar to the reddest Class II objects ( §3.1). Using the Class 0-I criteria to distinguish protostellar systems from Class II/T Tauri systems implicitly depends on protostellar envelopes having significant opacity in the IRAC bands, especially along the line of sight to the central (proto)star; otherwise the envelope can neither absorb much light or produce much emission in the IRAC bands. The extinction produced by an infalling protostellar envelope depends upon the infall rate, the angular momentum of the infalling material, the size of envelope holes driven by outflows, and departures from sphericity of the initial protostellar core, along with the system inclination to the line of sight (Adams et al. 1987; KCH93; Calvet et al. 1994; Hartmann, Boss, & Calvet 1996; Whitney et al. 2003) .
It is instructive to make a simple estimate of envelope optical depth in the IRAC region, ignoring complicating geometric factors for the moment. Assuming a spherical envelope in steady free-fall at mass infall rateṀ towards a central protostar of mass M * , the radial mass column density is
where r 0 is the inner radius. If we identify r 0 as comparable to the centrifugal radius, i.e. roughly the radius at which material falls out onto the disk, we can then make an estimate of the envelope optical depth as a function of this parameter. Using Draine & Lee (1984) opacities at λ = 3.4µm, we find numerically
The fiducial valueṀ = 4 × 10 −6 M ⊙ yr −1 is the typical infall rate for Taurus Class I sources deduced by KCH93, based mostly on the analysis of longer-wavelength IRAS fluxes. KCH93 also estimated centrifugal radii (comparable to r 0 ) of 70-300 AU for most systems, although with con-siderable uncertainty. For lower values of envelope column density ( lower values ofṀ r −1/2 o ), the envelope will be essentially transparent at IRAC wavelengths, while higher values of envelope column density will result in potentially significant effects of the envelope in extincting the central source and producing extra dust emission. Thus, it is not very surprising that (of our small sample), four of the Class 0/I sources have IRAC colors significantly different from those of Class II (disk) systems (04368+2557, 04365+2535, 04381+2540, DG Tau B) while three Class I systems exhibit colors at the red end of the disk systems (04260+2642, 04248+2612, 04489+3042). We suggest that many or most Class I systems with infall rates similar to or larger than those typical of Taurus should exhibit distinct IRAC colors from those of Class II systems.
The above estimate neglects the uncertainties that can arise in classifying individual systems due to additional departures from sphericity in the envelope, such as bipolar outflow holes or collapsing flattened envelopes (e.g., Hartmann et al. 1996) . To expand upon this, we note that of the sources in common with those modelled by KCH93, the reddest systems in [3.6] -[4.5] (04368+2557, 04365+2535, and 04381+2540) had relatively high values of the density scaling parameter ρ 1 , consistent with the IRAC observations. Conversely, the 04489+3042 system is bluer in [3.6] -[4.5] and had a low ρ 1 according to the modelling of KCH93. The system 04248+2612 has relatively blue colors, even though KCH93 found a high value of ρ 1 in their fitting. However, the fit of KCH93 adopted a large value of R c = 300 AU and a very low viewing inclination i = 10 • , and both parameter choices reduce the line-of-sight column density in these rotating collapse models. These results illustrate but probably underestimate the sensitivity of the IRAC colors to protostellar envelope geometry, because they do not include bipolar outflow holes. Viewing a highly embedded protostellar source along an evacuated cavity could easily produce IRAC colors determined entirely by the disk properties of the system. Alternatively, one might ask whether the Class I group with similar colors as Class II systems might not simply be identified Class II as well. Chiang & Goldreich (1999) suggested that many objects identified as Class I might really be Class II, i.e. they disk systems seen more nearly edgeon; White & Hillenbrand (2004) recently made a similar suggestion. A problem with this idea is that edge-on disks do not necessarily, or even naturally, exhibit the same SEDs and colors as Class I envelope systems. As discussed by D' Alessio et al. (1999) in some detail, because T Tauri disks are thought to be very optically thick, the observed SED is extremely sensitive to the inclination of observation. As shown in Figure 13 of D'Alessio et al. (1999) , which shows the predicted spectrum of a disk model at different viewing angles, there is only a small range of inclinations for which the SED is roughly comparable to that of Class I systems. Slightly more pole-on, the SED looks like that of a normal Class II object; slightly more edge-on, huge silicate absorption is predicted.
In our sample of Class I systems, the group with nearly "Class II colors" does not exhibit the blue [5.8] -[8] color one would expect for deep silicate absorption, nor is such absorption apparent in ground-based data (e.g., Figure 5 ), and so these systems are unlikely to be explained as purely edge-on disks. Note that the HV Tau C system, whose image clearly shows absorption from a nearly edge-on disk, shows no evidence for strong silicate absorption from the [5.8] -[8.0] color; however, as noted in §3, Stapelfeldt et al. (2003) concluded that an extended dusty envelope probably must be included along with a disk to explain the near-infrared scattered light image, and this dust could in principle provide compensating silicate feature emission. Stapelfeldt et al. showed that the infall rate for such an envelope would be quite low, ∼ 10 −7 M ⊙ yr −1 , suggesting that this object may be in transition between Class I and Class II.
D 'Alessio et al. (1999) also pointed out that edge-on Class II disk systems should appear to be underluminous, by roughly an order of magnitude. The three Class I systems with colors comparable to the reddest Class II objects, 04260+2642, 04248+2612, and 04489+3042, have apparent bolometric luminosities of 0.09, 0.36, and 0.3L ⊙ respectively (KH95). Hubble Space Telescope images of 04260+2642 indicate that it is an edge-on disk system (Stapelfeldt 2005, personal communication) , consistent with its relatively low luminosity (D'Alessio et al. 1999) . The other two objects have luminosities only marginally below the median luminosity of Class I systems in Taurus (KH95). Furthermore, 04248+2612 has a well-observed, extended near-infrared reflection nebulosity typical of Class I systems (Lucas & Roche 1997; Padgett et al. 1999; Park & Kenyon 2002) , and NICMOS observations at 1.1 µm using Hubble Space Telescope also show extended nebulosity around 04489+3042 in a pattern much more similar to that of envelope than edge-on disk systems (L. Hartmann, unpublished) . We conclude that 04248+2612 and 04489+3042 are likely to be true Class I systems.
To make more progress in understanding the properties (or even existence) of protostellar envelopes, inclusion of longer-wavelength data is crucial. Comprehensive observations of a range of Class I systems with IRAC, IRS, and MIPS should yield significant new insights into protostellar evolution.
Conclusions
We have presented results from a survey of 82 Taurus pre-main sequence stars as observed with the IRAC camera on Spitzer Space Telescope. These data provide the first indication of the presence or absence of infrared excesses in the 3-8 µm range for about half of our sample, and add considerably to our knowledge of the SEDs of many more systems. The results generally confirm the color classification scheme used in previous IRAC studies of star-forming regions. The predictions of disk and protostellar envelope models are consistent with the observed IRAC colors, and suggest a relatively clear difference in between stars with and without optically-thick disks. Among systems with disks, we find a very strong correlation of IRAC excesses with the presence of accretion. Our results should be of use for testing more detailed models of disks and envelopes in pre-main sequence systems, and for interpreting IRAC observations of more distant, less wellstudied star-forming regions.
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